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ANTION I - ABSTRACT

Device design analysis, process Improvements, and investigation

of new contact techniques have been the major areas of activity

during the first 'contract quarter. Additional vork has been

Initiated in package analysis and package limitations. Test

circults have been designed for initial amplifier and oscillator

testing and equipment for all Group A evaluation has been pro-

vided. The thermal path betwean crystal and stud has been under

Intensive investigation and significant improvement has been

noted, The present processes have been reviewed, and diffusion

photoresist and assembly area Improvements and experiments have

been Initiated.

- 1-
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I SECTION II - PUPOSE

The terms of the contract require the contractor to establish

a Limated production facility using prototype equipment capable

1. of producing parts directed toward a rate of 200 transistors,

-" that meet the applicable specifications, per 8-hour shift.

During the contract period the contractor shall deliver a total

of 2,475 transistors, of which 375 are engineering samples, 100

are pre-production samples, and 2000 are pilot production tran-

sistors. The 2000 transistors produced during the pilot run

shall meet the applicable technical specifications. The speci-

fications include performance as an amplifier - the transistor

must be capable of 25 watt3 of power output at 100 megacycles

with 10 db of power gain - and as an oscillator, the transistor

mAst deliver 25 watts at a frequency of 100 megacycles. In

addition, the package must be such that the transistor is elec-

trically isolated from the case.

The prototype equipment required for the establishment of the

pilot production run will be developed and supplied at the

wqpemse of the eentractor.

Upon completion of the pilot production run, a Step II Study

will be made to determine the requirements of a manufacturing

faelhity c pable of prodAcing 50,000 units per ath meeting

-2-
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the applicable technical specifications and based on one 8-hour

[shift per day. 7he necessary plans and schedules required to

establish the production capability based upon equilpent capacity

fand pilot production yields shall be Incorporated In the Step

33 StU6r.

I.
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f SECTION III - TECHNICAL DISCUSSION AND DATA

Chapter 1

3)2troduotion

it Is the objective of the contract to conduct the engineering

and processing work needed to establish a pilot production

facility for producing 2,000 25-watt, 100-megacycle transistors

that meet the Signal Corps Technical Requirement SCS-129 dated

12 February 1962, (See Appendix), or a modification of saee

that is mutually agreeable to the U.S. Army Electronics Material

Agency and the contractor. The contract is a production engineering

measure utilizing the 25W-OOMC transistor developed under a Research

and Development contract sponsored by the U.S. Ar Signal Corps,

tmract No. DA 36- 3g9 s -8732.

To accomplish these objectives an extensive program In product

lrovment has been planned which will incorporate the following

Items: Device design anawlysis and updating the present 25W-lONC0

Research and Development including various diffusion process

iprovanents, evaluation of metallic contacts, evaluation of

metallic contacts over the oxide, and optimization of the starting

material vith planned investigation of epitaxial material to

replae the pWemt,y Incorporated collector contact diffusion.
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IA redesign of the package will be one of the major aspects of

[device improvement. Power dissipation capabilities and frequency

limitations will be analyzed in detail, and the package design

will be formulated on experimental results obtained with the

11 present package as discussed in Chapter 2.

A complete product engineering facility will be introduced which

will establish pilot line capabilities for this device. This

will include complete equipment evaluation. Initial plans for

the equipment structure of the pilot line are being foraulated,

but must await determination of new process changes.

At present, test circuitry for amplifier and oscillator perborimacne

has been designed and is undergoing testing.

Other test equipment has been constructed as well, and lists of

process equipment intended for the pilot line production of the

25W-lO(C transistor are being outlined. This will be discussed

In a.pter 3

-. Section VII identifies the personnel that wll be involved in

1 establishing a producton eng:Lneering method development of this

transistor.

he Sjgl Oorpe Techniaeal plquirmmts are shown in the APPendIX

5
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CHAPTER 2

Device and Process Engineering

2.1 Introduction

In any sophisticated device such as featured in the 75 watt-PEN

contract, the set of specifications upon which the circuit

designer rests his designs is comprised of factors from three

res:

a) The initial area of theoretical device design as

discussed in paragraph 2.2 of this chapter. It is shown

herein that the device specifications asked for in the

75 watt-PEN contract are not unreasonable in the sense

of asking more than the silicon transistor can produce.

However., some question arises on the correct number to

insert on a specification for hfe. The question comes

from certain anomalies experienced during power ampll-

ficatioc testing. Data taken indicates that conventional

theories for hfe versus power gain do not hold true.

b) The area of packaging which can be dismissed with a

wave of the hand under low pover and low frequency con-

ditions become vitally important at 25 watts of power

output (75 watts total dissipation) and. 100 megacycles.

It is an absolute requirement that the device and package

be designed for each other if optimum performance is to

be gained. Paragraph 2.4 of this chapter discusses our

current problem In this area.

1. -7-
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[c) Given a perfect design and a perfect package, the

f device is still only as predictable and reliable s the

processes used in its construction. Paragraph 2.3 surveys

I iareas of processing hich are currently under investigation

in connection vith this contract. This list is by no means

complete. One would be remiss if one did not consider each

and every process used in the light of potential improveients

in:

I. a) speed

b) yield

c) reliability of device

d) device performance

2.2 Device Design

The transistor design for the device to be produced under this

contract is founded on that employed in producing a 25W-lOOmC

device, developed under U.S. AtmW Signal Corps Research and

Developsent Contract No. DA 36-0o39 sC-8732. * ' *  The differences

1 between the design specifications In the two transistors is not

svere and is discussed briefly in this section. For ease of

reference, the required performwane specIfactiom ae isted

In the Appendix to this report.

* See Figure 2.2.0, 2.2.1 at the end of this chapter for details
of the device as currently constituted.

aee h ve 2.2.2, 2.2.3 for a drwlW of the m sting .as".
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The change in VCB 0 - ICB0 specification from (VC0 less than or

equal to 170V at I C  100 mAdc) to (ICB0 less than or equal to

5 mAdc at VCB - 18OVdc) is not major from the device point of

view. Theoretically the bulk resistivity of the silicon starting

material assures us of far lower leakages. In practice the

manufacturer is limited not by bulk resistivity, but by his

process techniques for surface protection and passivation. ExIcept

for isolated units it has been extremely difficult for anyone

to approach the theoretical bulk leakage currents due to higher

(by orders of magnitude) surface leakages in silicon. During

the coming months it is intended that a large portion of effort

on the contract will be directed toward improving surface pro-

tection and passivation techniques allowing us to decrease bulk

starting resistivity and leakages simultaneously. This same

argument applies to the changes in ICBS from (less than or equal

to 100 mAdc at 170V, less than or equal to 100 pA at 70 Vdc VCE )

to (less than or equal to 5 mAdc at 180V VE, less than or equal

to 1 mAdc at VCE = 70Vdc). The prime limitation is again not

the physics, but the process.

One of the prime efforts for this contract in so far as device

design analysis is concerned, will be in determining the rela-

tionship for this class of device between small-signal short-

circuit forward-transfer ratio (hfe) and power output and gain.

To date the convetional formula for such relationships has not

proven utisufactoy. In patcular, several units vith hfe less

-9-
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than 0 db have given rated pover (25W) at rated frequency bias

[and drive (lociC, 6oOmA, 80V, 2.5W input) during testing on the

25W-100MC Research and Development Contract. Until this evaluation

is dome there exists same doubt as to the exact value or values Vhich

abould be placed an the specification for hfe In the Appendix

of this report.

The all important consideration of amplifier and oscillator per-

formance at rated frequency bears considerable discussion and

will be a featured subject of future quarterly reports.

Once final test results become available from the 200 units

produced under U.S. Army Signal Corps Contract DA 36-039 SC-87342

(Research and Development) and the first 75 engineering samples

under this contract, it will be possible to combine present

theoretical comutations with statistically valid test samples

and provide a sound basis on which to project device design and

package changes enhancing the device performance. For the present,

one can say that the 25W-IOO*C or 75W PE4 transistor is capable

of exceeding the specifications in the Appendix of this report,

and vith loprovemnts In the package and device design a substantial

pilot Lie yield to these specifications is possible.

7here exist a number of potential areas capable of improvement

frm the device designer's point of view. It would be convenient

to be able to rmove considerable heat from the top of the device

-10-
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[as well as through the collector contact region. If this were

done it would be possible to Improve frequency characteristics

[ by changing the physical geanetry of the device, and still keep

the temperature of the PN collector base Junction within reason.

This, however, is primaril.y a packaging problem and so is dIs-

cused in Paragraph 2.4 of this chapter.

The introduction of epitaxial material also constitutes a device

design change in that it gives a slightly simpler picture when

an attempt is made to understand the dopant concentration curves

in the emitter base region. A trade-off is necessary between

frequency performance and emitter base breakdown. With the aid

of an epitaxial region this trade-off becomes less critical. It

would also be of assistance in eliminating the difficult problem

of high VCE(SAT). With further improvement in surface processing

and formation of oxides, it should also be possible to reduce

the bulk resistivity now employed as a starting material and

thereby produce a number of benefits, such as better frequency

perfozmance. The use of a narrower stripe width geometry for

the transistor would have a beneficial effect on transistor

pertormance, lowering the emitter and collector capacitance and

increasing the f maxium.

In aumation it is to be eamphasized that at present the design

of a silicon crystal for the 25W-100MC transistDr used in the

75W-Iz4 is far better than the current packaging design. As a

result, the principal initial improvements to be expected lie

in the Psokagin area. Once the package, including both therma

-31-
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hitter Length 402. 1 x 10 - inch

mitter Width 3.5 x 10 .3 inch

hitter-hkitter Spacing Mintim 22 x 10- 3 inch

etallising Width 2.0 x 10 "3 inch

Oollector Area 4a504 x 10- 6 inch2

Dice Area 12850 x 10- 6 inch2

Resistivity 12 - 14 obm/cm

FIGURE 2.2.0

Pbysioal P ma.ters for 25W-100N Transistor
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path problems and frequency problems, discussed in Paragraph 2.4

of this chapter, is improved sufficiently, it should then become

{ possible to make significant improvements in the device performance

by altering either the device design or the actual processes used

in making the device. At present, alterations in device design

are considered to be far less beneficial than concentrating on

wok involved in processing and package Imrovements.

2.3 Process Developnent

While the N+ diffusion presently emloyed as a collector contact

is quite satisfactory, the state-of-the-art of epitaxial materials

is being continually reviewed for such usage. At such time as

the epitaxial materials reach a stage of perfection which will

yield leakage values coaable to those obtained with the

diffused collector materials, the epitaxial materials will be

incorporated into the 75 watt process. The use of the epitaxial

material will enable somewhat better control over the collector

thickness, and enable Improved electrical and thermal performance,

and increased yield during processing. Experience with planar

diffsion techniques indicates that many of the device problems

originate in or as a result of the oxide masking processes employed.

Both the oxide thickness and Impurity content have profound influ-

ence on the electrical characteristics of the device, partirularly

the leakage currents and the breakdown voltages. Me problem is

further complicated by the fact that the original oxide is

subsequently modified by later diffusion processes and assembly

operations. The original collector oxide is reconstituted and

-12 -



I p-type impurity is added during the base deposition and distri-

bution. It would be naive to assume that the remaining processing

would not also have effects. The base, emitter, and metallizing

[oxides should also be altered in a similiar manner. In addition

to the thickness and impurity content, the coverage necessary

to ensure masking from subsequent diffusions may be incomplete

Ii due to the original conditions or following processing. Any

defect of this sort can rapidly degrade the planar breakdown

ii voltage characteristic. Work during the first quarter has been

directed toward producing clean oxides with suitable thickness

P and complete diffusant coverage. The development of subsequent

processes has as a prime requisite the maintainance of the ori-

ginal oxide in as clean and complete a state as is practical.

Some consideration is also being given to removing the oxides

in toto and replacing them with a new "clean" oxide prior to cutting

the metallizing pattern. Work in this area has shown promise.

The work in the area of producing improved oxides and mIntaining

them will continue and the results will be reported in the

m eng reports.

I Since this is a PEN contract, the improvement of yield is a

prim consideration. In addition to the control problems dis-

Cussed above, the cotrol of the diffusions themselves is of

=nmKoint importance. The depth of he diffusions has a direct

beari cc the freque@M performx=e, the brekdovu ObtaP~ble

i 13



and the power capabilities of the device. Should the diffusions

go too deep, the oscillator and amplifier performance will be

impaired and the hfe will be lowered, while dc characteristics

such as h, will still be attainable. In addition to the depths

of diffusion the variation of those depths must be controlled

to produce the required base width range which yields the

specified hF and frequency characteristics. Only through this

improved control will the higher yields, necessary to economical

production of this device, be attained. Work during this quarter

has also been expended toward maintaining the necessary temperature

control and improving the uniformity of the deposited impurity.

The present temperature control is considered good and the temp-

K erature is continually monitored to ensure that it remains that

I way. The Improved uniformity of deposition is being sought

through refinements of existing techniques as well as investigation

Iof new and more promising methods, involving variations in old

diffusant sources as well as several new possible diffusaunt source

ohmicals.

Ii
Another area of investigation which is peculiar to the planar

process, but not directly related to the diffusion processes

described above is that of photoresist masking. The problem

here is one of mechanics of allgnment. There are two main areas

of endeavor, obtaining suitable masks and suitable equipment to

align the masks with the work. Design considerations require

an accurac on the order of 1/2000 of an inch. This accuracy

-14 -



fmust be maintained over an area of slightly more than three

1. square inches. The problem here centers around the tendency of

the accuracy of the pattern to "fall off" towards the edge of

the pattern. As Improved patterns are developed they are being

incorporated into the process. The second area is the incorpor-

ation of an improved alignment apparatus. The present equipment

is adequate, but could be improved in ease and speed of operation

consistent with accuracy. The new apparatus should be more

production-worthy from the standpoint of rate. The improved masks

and improved ease of alignment of the patterns should also in-

Ii crease the yield to the specified device. This area is undergoing

Intensive Investigation at present.

j The metallizing of the base and emitter contacts is presently

being accomplished by means of a gold, nickel, and silver elec-I i: troless plating process. This technique is satisfactory, but

the aluminum evaporated front contact offers better performance

I over a wider range of temperature. By virtue of evaporation

I and the subsequent alloying, a metallurgical bond to the silicon

is obtained which is stronger than any available chemiplated

bond. in addition to the stronger bond produced, the aluminum

contact offers the possibility of storage at higher temperatures

than the cheiiplated bond can attain. Early work has indicated

the need to build up the aluminum thickness in order to carry

the currents involved. This increased aluminum thickness has

created a eutrol problem in the alloying. Sae Sod work has



I

been accouplished in applying the aluminum metallizing, but

[much still needs to be done. The use of aluminum metallizing

would also create a problem with the presently used gold lead

[ wire, namely "purple plague". Preliminary work with aluminum

lead wire and ultrasonic bonding appears promising, but has not

been evaluated with respect to high frequency performance to

date. Further develoments will be described in subsequent

reports.

The present crystal mounting process yields adequate results.

But, in the interest of attaining and maintaining the lowest

possible thermal resistance with the best possible production

rate, the process is constantly being monitored to refine and

control the various aspects which govern the electrical and

thermal output characteristics. Effort is also being devoted

to the improvement of the production rate by possible redesign

of the process.

The current leadbonding process is also adequate in terms of

the present metallizing, with the exception that rate improve-

ment is desirable. As mentioned above, the use of aluminum

metallizing would necessitate a change in the leadbonding

material and process. Early work along the ultrasonic leadbond£ng

of aluminum lead wires appears promising, both in producing a

we relable bond and in giving a faster production rate.

-16-
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2 Package Desig

- The package present.y being used, while it is the best available,

suffers from two problem areas. The first problem is the com-

fplete electrical isolation of the transistor from the case. The

required isolation has been accomplished by the use of a beryllium

1. oxide isolation tab. Beryllium oxide was chosen since it offers

the best combination of dielectric and thermal properties. The

major problem centers in the fact that this is a state-of-the-art

material. PSI has had continued difficulty obtaining properly

metazed beryllium oxide isolation tabs. If tabs are used on

vhich the initial metallizing is not fired properly, the devices

using those tabs will fail on power dissipation. Examination of

the failures has revealed that the typical mode is a calete

separation between the beryllium oxide and the first metallized

layer. This separation prevents the transfer of any heat and

I the device burns out. PSI is working closely with the suppliers

to advance the art of ceramic metallizing and thereby to remedy

the situation. Other areas which can contribute to the thermal

i path problem to a lesser degree are the brazing of the tab to

the stud and the mounting of the crystal to the tab. These

]I areas seem to be under relatively good control since a properly

nmetLUsed tab yields quite satisfactory results.

J The second problem with respect to the package is its frequency

peoa anee. This package was originally intended for use at

lover frequencies Iwre the effect of lead Inductane ws at a

-17-



utn4--. At 100 megacycles the Input to the device is Inductive

7 by virtue of the lead inductance rather than capacitive as oe

would expect fzm smicanductor device theory. This Impair

the frequency performance significantly. Nev package designs

are being considered v±ch should Improe the frequency per-

fomence, device reliability, and ease of fabrication. Several

package designs are being checked out at present on other PSI

hig perforance devices with promising results. It appears

that In the case of high pover - high frequency devices it is

an absolute necessity to spend as much time on the electrical

and therml characteristics of the packae as on the cbarac-

tearitics of the silicon transistor. This area of endeavor Is

nov our prim cosideration as all possible efforts at Pzoftwimg

a package imfV of the device are being de

-18-
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CHAPTE 3

Prodet t

3.1 Inz'a ctin

Util such time as' a final processing procedure is decided upon

a detailed pilot line structure is extresly difficult to dater-

ame. However, as a preliminary step In establishing a pilot

line facility., a gemealized block diagam I being prepred.

Dulrng the course of the work on the 25W-lOGC Research and

Development Progrm Oontract No. DA 36-039 Be-8731e2, a processing

procedure ms evolved based on the present package and erstal

design. M1i current design is capable of meet t d

specification on the 75V transistor it is difficult to obtain

a high yield process. In order to fulfill both letter and spirit

of this contract it is felt that a basic redesign of Peaae and

crystal coupled vth processing changes to enable hSier Yields

Is a necessity.

fwr ex2ml, our current metalizsing process Is a chemical platin

process. Zvidence accumulated on a oezq r funded Metallizing

pro' ian indicated a newly developed evaporative ietAllising teaboiqU

UtLUSSM &InMM in omctim with an ultrasoal boandif

-19 -
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Melshod would have a higher yield and a greater throughput rate

[ with reduced operator personnel. This evidence must nov be

verified on 25W-lO0C devices., details of the process worked

out, electrical characteristics determined and the necessa7

equipment selected. purchased and Installed.

Test equipment is discussed in Paragraph 3.2 of this chapter.

The various types of test equipment which we will need are

already knovn. However, in order to determine placements and

amounts of equipment, some information must be generated as to

yield to various parameters during testing. This information

will be generated by producing the engineering and preproduction

sunes called for by the contract. The problem boils down to

one of fixing the processes and ordering such equipment as is

not already on hand. In general the equipment is known but

the necessary modifications have not yet been sufficiently fixed.

The area of equlp t best understood is the electrical test

gear, and this is discussed in the following section.

Curently on hand In the area of test equipment is an inventory

of at lot one piece for each type needed. Circuits have been

built for both oscillator and amplifier performance and are Pr-

setly undergoing intensive testing. However, to specl designs

an Jigs eand fixtures one must first peg the package design and

this regans to be doe. In addition the actual number needed

-20-
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F, of azr particular test fixture must wait until a reasonable idea

of our yield picture Is developed.

Thie tests for VCOand VB (or ICB and IMO) are performed on

a Tektronix 575 curve tracer with suitably modified test sockets.

These tests are not performed solely on ccpleted units, but are

utilized as in-process tests during diffusion and metallizing

operations. As a result, several will be needed during the pilot

run. These will be drawn from in-plant inventory as this equip-

ment is general purpose in nature.

Tests for ICM are also performable on a 575 curve tracer. To

eliminate operator error and in the Interests of speeding up the

testing procedure special switch boxes have been designed and

prototypes built to allow ICESP V . and V and other low

level pulse and D.C. tests to be carried out on a 575.

I - The test for static forward-current transfer ratio (hF) is

carried out at two levels of power, 75 watts and 50 watts. This

means that the units must have excellent heat sinks or that a

pulsed hFE tester with a short duty cycle be used. PSI has, in

the transistor division an hFE tester with 2% duty cycle and a

pulse width of loop/sec. There also exists - in the drawing board

stage - a design for a heat sink suitable for continuous testing. The

contractor intends to look at both techniques from a standpoint

of speed, reliability and yield. At this moment it Is quite

21-
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I possible that both methods may be In use at the time of the pilot

Th Ile test for LV ES is also easily p 'erfoxmed .using a Tektronix 575

with suitable high power adaptation. Such an instrewnt is

It available for use by the 75W-PEK pilot line.

Tests for collector-emitter saturation voltage are currently being

performed for the 25W-100MC transistor Research and Development

Oontract. The equipment now in use. on the above contract will

be made available to the 75W-PIK contract.

Power gain at 100MC is the test of most interest to any potential

user of this device. To that end the Research and Development

Department at PSI developed for the 25W-lOOMC R and D contract

an accurate IOOMC neutralized common emitter amplifier circuit

(see Figure 3.2.1) which has been in operation for several months

and has proven to be most satisfactory. This circuit is so set

up as to accept both capped and un-capped devices and as a

result of this test it has been discovered that the package

utilized by PSI is costing several db in potential power gain

at 1OCW. It is this discovery as well as the discovery of

thermal path problem that has led to the package program discussed

in Paragph 2.41.

I.2
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Second in interest only to power gain at lOOMC is power oscillator

performance. A circuit has recently been built at PSI for the

purpose of testing oscillator performance at 10OMC, although this

test circuit configuration is not yet completely finalized. The

present circuit is shown in Figure 3.2.2.

The measurement of base spreading resistance is being performed

on the current 25W-OOMC R and D contract. The equipment, built

around a General Radio Transfer Function Bridge, is satisfactory

but the technique used is slow. Efforts at producing a stream-

lined procedure are underway.

PSI at present is set up for testing output capacitance at a

frequency of some 140 kc and therefore must modify its equipment

to attain 1 me collector capacitance measurements.

Smll signal measurements of the short-circuit forward-current

transfer ratio are already made on the 5W-70MC transistor being

produced at PSI under Production Engineering Measure Contract

No. DA 36-039 SC-85960 using the test schematic shown in Figure

3.2.0. Note that the tester was designed to make both 70 and

1004C measurements. This equipment will serve as the prototype

for hfe test positions on the pilot line.

- 23 -



In conclusion, a general determination of needed equipment

types has been made. A prototype or working model of each

kind of test piece is available and undergoing investigation.

However, Jigs and fixtures depending on package configuration

cannot be fixed until the package is. In addition, order of

"x" number of pieces of equipment must walt until yield

al3ysis tells the equipent engineer Uhat "x" number wIl be.

- 24 -
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SHIELD

RF Input I t

C -
C, C1 0  C

B C.E

PARTS LIST

C6  30 pf Mica Arco-Elmenco
C 2  3.7-52 pf HF-50 Hanmarlund
C V C.10 15 pf Mica Arco-Elmenco
C& 41C 3.2-50 pf HAPC-50-B Hmmarlund
C 8, C 9 3.2-50 pf HAPC-50-B Hatrmarlund
C 6  10 pf Mica Arco- Elmenco
C 7  2.8-17.5 pf HF- 50 Hammarlund

CU1 , C12  2300 pf Feedthru Centralab
L 3 turns, No. 14 Insulated L3  2 turns, No. 14 Silver-

Copper Wire wound on coated Copper Wire wound

1/4" Plastic Rod. 1/4" diameter ad tapped

L2  1-1/2 turns, No. 14 Silver- quarter-turn fromi Emitter.

coated Copper Wire tightly L4  2-1/2 turns No. 14 Silver-
coupled by interwinding with coated Copper Wire wound
L in phase. 1/4" diameter.

LN  4"turns, No. 18 Silver-
coated Copper Wire wound on
1/4" Mica Form Slug Tuned.

100 HC NEUTRALIZED COMMON EMITTER

AMPLIFIER CIRCUIT

FIGURE 3.2.1



C2

C C RF OurPur

L1 L

C 6 C7 f

PARTS LIST

C1  3.2 - 50 pf Air Padding E.F. Johnson Co.

C2  2.5 - 7 pf mica CRL CentraIab

C. 1 - 12 pf Ceramic Arco-E1 Menco

C4 and C 2.9 - 35 pf MAPC-35-B Hamerlund

C6 and C7  23M P Feedthru CentrOaab

C8  20 pf Mica El Menco

L1 - 2-1/2 turns, No. 14 (AVG.) silver-coated copper wire vound
on 1/4" ceramic form, slug tuned.

L - 3-1/2 turns, No. 14 Insulated copper wire tightly coupled
by Interwinding 1/2 turn with L1 .

- 1 g h RFC Coil Miller

100 MC OSCILLATOR

FIGURE 3.2.2
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SECTION IV - SUMMARY AND CONCLUSION

The first interval of this contract has been spent in:

1) Making feasibility experiments concerned with production

process changes in the light of irproving throughput

yield and device reliability.

2) Evaluating different package designs n an attempt to

eliminate potential problems in frequency performance

and a severe thermal path problem encountered in the

25W-100MC Research and Development Contract.

3) Investigating new processing equipment due to changes

because of the above-mentioned steps.

4) Testing electrical circuits used in test check-out of

the transistor.

PSI proposes to make changes in three areas which encompass device

design in the broadest sense of the word. Improvements can be

made in current processes, in the package design and in device

design of the silicon crystal. By making these changes not only

will a production-worthy device be created, but the additional -

and highly useful - benefits will accrue of improved performance

and reliability.

The changes in device design are perhaps the least important at

this time. Some work on device design will be of an analytical
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nature, such as the proposed hfe' power gain and output study.

Once the relationships between hfe and power output or gain are

understood a directed advance on device limitations becomes

possible. Changes made possible by use of epitaxial instead of

triple diffused processes and by use of improved geometry would

give a much improved device and fall into the area of the device

designer.

A major increase in yield comes through processes improvement.

Improved mask oxidation technique, metallizing operation and

passivating processes would make for greater ease in production

and greater predictability as devices.

By far the biggest and most beneficial change possible at the

moment is the change in package. It cannot be said too often

that package and silicon crystal must be designed for one

another - not separately. At present the 25W-lOOMC crystal is

far superior in design and performance to its package, which is

plagued by poor thermal path due to BeO problems and by poor

high frequency performance, due to inadequate mechanical-electrical

design.

Initial blocking out of pilot line equipment needs has been

completed. Final determination of the new process changes will

be needed before it will be possible to provide detail pilot line

- 26 -
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process and equipment layouts.

I
Determination of required test equipment has been made, and most

I" of the required equipment is already on hand or available as proto-

types. Schematics are included in this report for several pieces

of high frequency gear called for in the design specifications

(see Appendix). This equipment is already available and is

currently operating quite satisfactorily while in use for the

25W-100MC Research and Development Contract.

- 27 -



TSECTION V - PROGRAM FOR THE NEXT INTERVAL

The program for the next interval will encompass the following

areas of endeavor:

1) Continue package evaluation and design study.

2) Continue investigations into refinement of present

diffusion techniques and investigate new diffusion

techniques where applicable.

3) Continue the work to obtain increased control over the

photoresist operations wherever possible.

4) Continue the evaluation and refinement of aluminum

metallizing and the assoicated aluminum leadbonding.

5) Continue the co-ordination with suppliers to improve

the state-of-the-art beryllium oxide tab quality.
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SECTION VI - PUBLICATIONS, REPORTS, AND OONFERECES

There were no publications or conferences applicable to this

contract during this quarter.

The first monthly letter report was submitted 10 August 1962.

The second monthly letter report was submitted 14 September 1962.

The third monthly letter report was submitted 1 October 1962.

-29-



J SECTION VII - IDENTIFICATION OF PERSONNEL AND !XUDITURES

The following professional personnel have been assigned to work

on the 25W-OOMC PE4 contract.

Ibalid N. Clarke

Mr. Clarke has four and one-half years experience in semiconductors

(all with PSI) and spent three and one-half years as a Fleet,

technician with the U.S. Navy. He received an A.A. degree from

San Mateo Junior College and a B.A. degree In Physics from the

niiversity of California.

Mr. Clarke Joined PSI upon graduation and was engaged in process

work for diodes. He later became the Diffused Diode Product

Engineer, further Improving the computer diode developed on a

Signal Corps contract. At a leter date he was responsible for

the developuent of an advanced high reliability comPuter diode

for Minuteman.

Mr. Clarke was then transferred to the Diode agineering Group

where he had the responsibility for the Signal Corps Variable

Capacitor Diode Contract. While in the Diode Eagineering Group,

he was also involved in advanced process development

- 30 -
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Early this year, Mr. Clarke was transferred to the Research and

Development Diode Group where he worked on an improved version

of the diffused computer diode. Recently he has moved into

I. the Development and Engineering Transistor Group where he now

has the responsibility for the 5W-7OMC technical co-ordination.

William D. Gray

Mr. Gray has ten years of technical experience, plus two years

experience as a military instructor. He attended El Camino

College, Army Engineering School, Fort Belvoir, Ve., U.C.L.A.

and West Coast University, majoring in electrical engineering.

Mr. Gray was associated with Servomechanisms, Inc., Los Angeles,

California, for seven years, where he was supervisor of the

Ground Support Test Equipnent Group, and was responsible for

design of military test equipment.

Mr. Gray joined Pacific Semiconductors, Inc. in February 1960.

He has since been concerned with the design of VHF transistor

packages, thermal dissipation studies, and investigation of

various types of glass-to-metal sealing techniques. In October

of 1962, he was promoted to Section Head, Package Engineering.

He is a member of the American Ceramics Society.
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Richard C. Neville

B.S.E.E. an M.S.E.E. - California Institute of Technology

Mr. Neville joined PSI in 1959 directly from Cal Tech where he

y graduated with honors, specializing in Semiconductor Physics

and Electronics. He was initially assigned to our VHF Tran-

sistor Development Group where he became an expert in diffusion

processes. Mr. Neville has also had device design assignments

in both diode and transistor development programs of high-speed

switching devices, including the 2N706, 2N708 and a 5-watt,

500MC VHF transistors. In July 1961 he joined the PNP Tran-

sistor Group, becoming its project leader in March 1962. In

connection with this effort he directed studies concerned with

device design (2Nll32b) evaluation of epitaxial material,

metallizing techniques, and oxide properties. He is also con-

cerned with the PSI transistor Failure Analysis Program. In

conjunction with this work he has performed studies on radiation

damage to silicon devices.

Mr. Neville is a member of the IRE and Tau Beta Pi.

Michael 0. Preletz

Mr. Preletz received his B.S. degree in Military Engineering

from the United Stated Military Academy in 1960. After serving

as a lieutenant in the army artillery he joined the Western

Electric Company, where he worked on low and medium power NPN
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mesa transistors. During this time he was doing graduate

electrical engineering work at Lehigh University.

In May 1962 Mr. Preletz Joined Pacific Semiconductors, Inc.

He is presently concerned with diffusion and photoresist process

engineering of VHF medium power transistors.

Bernard Rappaport

Mr. Rappaport has had eleven years of experience in the fabri-

cation of electronic and electromechanical components and pro-

duction engineering of semiconductor devices.

Mr. Rappaport received his B.A. degree in Physics in 1949 from

the University of California at Los Angeles. He attended the

graduate school at the University of Southern California, where

he also taught electricity and magnetism. He engaged in micro-

climatology research in 1950 and 1951. He then became a project

engineer and pilot line supervisor for the namufacture of minia-

turized electromechanical devices.

Mr. Rappaport joined Pacific Semiconductors, Inc. in 1956 and

assumed pilot line responsibility for the Industrial Preparedness

Study of Diffused Silicon High Speed Computer Diodes (Contract

No. 36-039 SC-70274). He was active in the program to extend

the diffusion diode family and in the high voltage silicon car-

tridge rectifier program. He later directed the pilot manufacturing

facility, mechanical and electronic equipment procurement and
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package engineering programs for all new products within the

Transistor Division.

Mr. Rappaport is presently Head of the Transistor Final Develop-

ment Group in the Research and Development Department.

David H. Treleaven

Mr. Treleaven received his B.A. Sc. in Engineering Physics from

the University of British Columbia in 1962. He joined Pacific

Semiconductors Inc. in September 1962 and since has been working

on the 5W-7OMC and 25W-OOMC device fabrication.

Mr. Treleaven is affiliated with Delta Upsilon.
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[ Man-Hour labor Expendit-rues

I. Effort expended by professional employees:

!iName Hours

L L. Ornik 56

G. Otto 412

J. Podell 36

M. 0. Preletz 152

D. H. Treleaven 80

W. M. Wilson 96

TOTAL 832

Effort expended by technicians 1202

TOTAL 2034
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SIGNAL CORPS TECHNICAL SCS-129i E12 February 1962

TRANSISTOR, SILICON, VHF, POWER (75 WATT)
STYPE sigC-2N(X-6)

1. SCOPE

1.1 S . - This document covers the detail requirements for silicon,
VHF, Power Tinsistors capable of delivering 25 watts of output power with
10 db of power gain at 100 mc.

1.2 Maximum ratings at 250C. (See 3.2 herein):

BVCBO BVcEs BVEBo IC PC Ti Tstg

Vdc Vdc Vdc Adc W 0 C 0 C

180 180 5 1.5 75 2oo -65
(at: to

TC= 2500 + 200

2. APPLICABLE DOCItMS

2.1 The following documents, of the issue in effect on date of
invitation for bias, form a part of this specification to the extent
specified herein:

SPECIFICATIONS

MILITARY

MIL-F-14072 Finishes For Ground Signal Equipment

MIL-S-19500 Semiconductor Devices, General Specification
For

STANDARD6

MILITARY

MIL-STD-202 Test Methods For Electronic and
Electrical Component Parts

FSC-5960



SCS-129 12 February 1962
Sheet No. 2

DRAWINGS

SIGNAL CORPS

SC-A-4,6600 Preproduction Sample Approval in
Lieu of Requirements in Specifications.

(Copies of specifications, standards, drawings, and publications re-
quired by contractors in connection with specific procurement functions
should be obtained from the procuring agency or as directed by the con-
tracting officer. Both the title and number or symbol should be stipu-
lated when requesting copies.)

3. RQUIRMNTS

3.1 Requirements.- Requirements for the transistors shall be in
accordance with Specification MIL-S-19500 and as specified herein.

3.2 Abbreviations and symbols.- The abbreviations and symbols used
herein are defined in Specification MIL-S-19500 and as follows:

Pi *'...... ............ power input

P. ............. .power output

LV .. ........ sustaining voltage (collector-to-emitter)base short-gwcuited

3.3 Design and construction.- The design and construction of the
transistors shall be in accordance with applicable requirements of Specifi-
cation MIL-S-19500.

3.3.1 Transistor case.- The transistor case shall incorporate a stud
with a mounting nut and lock washer, physically located at the end of the
case opposite the leads, to enable ready mounting of the transistor and
dissipating the required power. The transistor case shall be electrically
insulated from the collecthr, emitter, and base.

3.3.2 Operating position. - The transistors shall be capable of
proper operation in any position.

3.3.3 Finishing of external metallic surfaces.- The finishing of
external metallic surfaces shall be in accordance with requirements in
Specification MIL-F-14072 for surface classificatiam Type II, except that
the requirements in Specification MIL-F-14072, Section 3, Requirements,
covering moisture resistance and finish resistance, and Section 4,
Quality Assurance Provisions therein, shall not be applicable. If, due to
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special conditions of service or design, a contractor desires to use
finishes, materials, or processes other than those specified, such pro-
posal including the reasons therefore shall be submitted to the Contracting
Officer for approval. At the discretion of the Contracting Officer,
samples and test data may be required to substantiate the suitability of
the proposed substitute(s).

3.4 Performance characteristics.- The transistor performance
characteristics shall be as specified in Tables I and 11 herein. (See
6.3 herein.)

3.5 Markin.- The transistors shall be marked in accordance with
Specification MIL-S-19500 and as follows. In instances where the d iin-
utive size or lack of suitable surface area on the device would prevent
a marking accomplishment readable by the unaided eye, 20/20 vision, at
eight inches distance from the device, such marking may be omitted direct-
ly on the device. All required marking shall be placed on the unit
package.

3.5.1 Type-designation markinp.- The transistors shall be marked
with the letters "SigC" and the "2N" designation of the device. The "2N"
designation of the device shall be "(X-6)" until an identification num-
ber conforming to the type designation requir ements of Specification
MIL-S-19500 has been established.

4. QUALITY ASSURANCE PROVISIONS

4.1 General. - Except as otherwise specified herein, the responsi-
bility for inspection, general procedures for acceptance, classification
of inspection, and inspection conditions and methods of test shall be in
accordance with Specification MIL-S-19500, Quality Assurance Provisions.

4.2 Preproduction Sample Approval. - The Preproduction Sample approval
requirements in Signal Corps Drawing SC-A-46600 hereby replace any Quali-
fication requirements referable to the product covered herein.

4.3 Sampli!& and acceptance criteria for Acceptance Inspection (see
6.2 herein).- For all tests except Life tests, sampling and acceptance

criteria shall be in accordance with 4.3.1 and 4.3.2, respectively, herein
for Life tests, sampling and acceptance criteria shall be in accordance
with requirements for Method B in Specification MIL-S-19500, Appendix C.
The res~ctive LTPD (Lot Tolerance Percent Defective) and Max. Acc. No.
(Maximum Acceptance Number) requirements in Tables I and 11 herein shall
govern relative to the details in 4.3.1 and 4.3.2 herein.

4.3.1 Sample Size. - The sample size shall be selected by the manu-
facturer using Table III herein. The sample size so chosen shall be with-
in the Max. Acc. No. limit azsociated with the LTPD specified in Tables I
and II herein.
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4.3.2 Sample acceptance criteria.- For the sample size tested, the
Acceptance Number "(a)" in Table 111 shall not be exceeded. (Rejection
number "r" = "(a)" + 1.)

4.4.4 Tightened inspection.- Tightened inspection on resubmitted
lots is obtained by testing to an LTPD equal to or les than one-half of
the specified initial LTPD.

4.4 Specified LTPD and Max. Acc. No.- The LTPD and Max. Acc. No.
specified for a subgroup in Tables 1 and 11 herein shall apply for all
of the tests, combined, in the subgroup.

4.5 Destructive tests.- The Group B, Subgroups 2, 3, 4, 5, 6, and
7 tests are considered destructive. However, the tests of Subgroups 2,
3, 4, 5, 6, aid .7 can be considered non-destructive if sufficient evi-
dence is presented to the Government inspection authority to that effect.
Acceptable evidence, for example, would be repeating of all Subgroups 2,
3, 4, 5, 6, and 7 tests, ten times, without significant device degrada-
tion. This test repetition procedure need be done only once at incep-
tion of Acceptance Inspection, provided that no change in design, or of
production techniques, has been effected.

4.6 Disposition of sample units.- Sample units that have been sub-
jected to and have passed Group B, Subgroups 2, 3, 4, 5, 6 and 7 tests
not determined to be destructive tests may be delivered on the contract
sample units are subjected to and pass Group A inspection. Defective
units from any sample group that may have passed group inspection shall
not be delivered on the contract or order until the defect(s) has been
remedied to the satisfaction of the Government.

4.7 Particular examination and test procedures.-

4.7.1 Sustaining Voltage Test. - The sustaining voltage of the
collector with respect to the emitter shall be measured under the con-
ditions specified, with the base short-circuited to the emitter.

4.7.2 Oscillator Power Output Test.- The specified voltage and
current shall be applied to the respective terminals under the condi-
tions specified and the powerrautput of the oscillator shall be measured
at the frequency specified.

4.7.3 Base Spre5 in Resistance test.- The specified voltage and
current shall be applied to the respective terminals, with the transis-
tor in the coa n-emitter configuration. An a-c small signal of the

high frequency specified shwil be applied to the input terminals, and
the output terminals shall be short-circuited. The real part of the
short-circuit input impedance shall be measured and assumed equal to
the base speeading resistance.

4.7.4 Tension test.- The specified force shall be applied to each
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lead in the direction of the axis of the lead. The force shall not be
applied to more than one lead at a time, and all leads shall be tested.

4.7.5 Torque Test.- The specified torque shall be applied to the
stud and about its axis. The stud shall not have become loosened nor
the threads damaged, as a result of this test.

4.7.6 Bendin§ Moment test - The transistor shall be mounted by
the normal mounting means. Te specified force shall be applied, without
shock, at right angles to the lead and near the end of the lead.
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f5. PREPARATION FOR DELIVERY

5.1 Preparation for delivery. - Preparation for delivery shall be in
accordance with Specification MIL-S-19500.

6. NOTES

6.1 Notes. - The notes included in Specification MIL-S-19500, except for
those covering qualification (see 4.2 herein) and the following, are
applicable to this document.

6.2 Ordering data. - If this document is used with the "C" or later
issue ofSpecification MIL-S-19500 containing LTPD-method AcceItance
Inspection requirements, the solicitation should indicate that the Accep-
tance Inspection LTPD-methods requirements in paragraphs 4.3 through
4.3.3 herein shall be considered superseded by the pertinent requirements
in the "C" or later issue of Specification MIL-S-19500.

6.3 Establishment of Additional Tests and Parameters.- The resolution
of any additional tests and parameters that will serve for optimum per-
formance evaluation of the device relative to the application need is
encouraged. It is expected that such determination(s) will be by
mutual agreement between the contractor and the responsible Goverdment
agency, and will be included in the final acceptance criteria, for the
device. Bittn e-r electrical, physical, mechanical, and environmental
test coverage in Specification MIL-S-19500 should be considered as a
primary guide in this regard.

NOTICE: When Government drawings, specifications or other data are
used for any purpose other than in connection with a definitely related
Goverment procurement operation, the United States Goverument thereby
incurs no responsibliity nor any obligation whatsoever; and the fact
that the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data isnnot to be regarded
by implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any right or permission to
manufacture, use, or sell any patented invention that may in any way be
related thereto.
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